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(57) Abstract 

A process for forming a silicon oxide film comprising the step of de- 
positing a thin film of a silanol, a polymer thereof or a siioxane polymer, 
each containing an organic group, on a substrate by exciting a gas contain- 
ing an organosilane or organosiloxane gas and a gas containing H and OH 
on a substrate in a reaction chamber to cause a reaction in a gas phase or 
on the substrate and the step of removing the organic group from the thin 
film by plasma treatment. Preferably the thin film is formed by repeating 
the depositing step and the removing step in the same chamber and is heat 
treated at a temperature of 450 °C or below- This process provides a good 
insulation film having a flatness comparable to that of an SOG film. 



>«* (*)*W*3J) 



kStftSI 02 



(57) 



^^^^ i/ 5;-*S^xtti'n*fy8^j^ 

Milk. *?£L<«: N H-KJSSft-CJ:ggJiaxSi7-5X 
C4 5 0 t«TO«Tf»jHn. CftC*,^ SOG 



AT ^ — -7. f. ij r 
AU r— X h 5 i/ y 
BB 'i* — j. 
BE 

BP -* «. ^ -,. 
BG t * # »J r 
BJ -*-f-> 
BR -/ 7i?4 
CA * Y-r 

CH x 

CI 3-f.>4;r-* 

Clf » J *i — > 

CS -#-i.JXu*t^v 

DE N'v 

DK r->-*— 7 



ES > 

11 ~ J f * '* 
PR v y > % 

GA .K > 

GB Y ** 'J * 
GR v »; i v 
HU '»>^i;- 
1T i 9 i) ~ 

i llir * Aa * iBB 



ML -v ij 

MW v^M 
NL 1"7>/ 
NO 

K 

RO >u — -v^t 

so x — r> 

SE A-?x~f > 
SN -k * #4, 

TD -f • * — K ^ 



TG 
US 



PCT/JP91/01739 



1 

m w m 
& m m 

» * K « 
ftcff^7^-<; F Jfc*<i£:*:L. * - y ^ If © KJ £1 *< -r n 

SOG (Spin-On-Glass) < flJM 2 *IT 

SOGKti. iSSOGiflSSOGi^fc^. JRfll S O 
G tt s flStiRt&#:*:& ^fc»Jr«{fc*<ll U < . 3 0 0 n»ig0 

— «c s o gj&« n |0cv DKfliRS^cik^Rlit^^ 



WO 92/12535 



PCT/JP91/0I739 



2 

< . ±nizm$ti& z txfc$<Dty.mmtts.& « z 

5 n# * to 0 a a © am«tt * m t £ * « mm t 

£-5„ Z<Dtztt>^ S O G8I#s;*;u — * — /^®l|K:j^jl}LJ5:tr , > 

* !» o Hf * 
* fg 9! ir ±$2nft&Mjg.rz fc&fc. KjCSft© 

£ tz x IftBE ® jg tt /n" * x 69 c It & -5 3 t £ L < . * © 



WO 92/12535 PCT/JP91/01739 



3 

lr"> 1) 5f 19 C f 5 £ efc tr* o 

?Ct C V D ^STMf t\ KJlfr 5 ~ 1 5 Torr. IS^ISK 
± 2 5 0 *C ^-C. m.mf^m^ 6-25 mnu 1 0 

0 - 1 8 0 0 0 dt/min . 1 0 0 ~ 5 0 0 W. ^ 

^ 8# |yj 3tK D £ 3 ^ ° { 140 - (140/310) 

gCSilt St^©^!^ 1 0 0 £ LTfife'g:*- V5f Th1©S$ 
L/c 4 0t 1 0 0 %fr±m~C%> 0 s PttR M V -> 

n®©i$m£§£93 

Hi A - l c tt^^fiJo-^iJoiSit^&^Si^^'SISi^fe 

So 

IS 2 A - 2 B fc^&tflj © ggg§ £ & $ * II & * » 

15 A - 5 B t£:£?&§8©Il*Is£9]12'e $> 

El 6 A - 6 B &*%LWZ!3lW? Z it VXD T E O S t H* O 

m 8 i ©nis^cflij l/c 7*7 c v diss 



4. % 



WO 92/12535 PCI7JP9I/01739 



4 

£ ?K ^ft* HI T & 3. 

M 9 A — 9 D Hfc »> »; a y ^-fE^iiM © *tft 

^^^^t* SIT- & -So 

® i o i o toTT-nmu. ( - 3 o -c ) c l/c^^© •> 

mil ttl£ffifctt#<!:/\-/i'X •> y r? ygt-ffcU 

3£H © £ gfc 19 3" -5 & -5 „ 
11 2 »T e o sssic^ts y y ^ y®Kfc*gj?£)&©j&:g 

El i 3 tt*fgg§0ii2 ©nar^cM^fcr 7 x-r cvds 

© 1 4 A - 1 4 B \t*?tW®m 2 ©IMKlJL/cr^X 
v c VDItSM^tigLfci^®^ y 3 ^mft^li^© 

m i 5 a - i 5 b !t*ii©^3 eatjkwjcjn vtzmmwt 

Ml 6 A - 1 6 Btt^fgjiScSM-ctS?^ D&Iflfe^ 
SI 7 A - 1 7 B g§ 5 ©Hft^fDlSIir? X 

So 

Sl8A-18Ftt|6 ® IS J; 9 » &*is •> 



WO 92/12535 PCT/JP91/01739 



5 

m 2 0 &M 6 ©JI&fljT^fc)g©&#^igm£jKTl-II|-e& 

El 2 1 ttH 6 ©HS60J-e#fc)R©#^S#*i£;*-f ST?* 
-5 o 

M22A-22B Ur^W^iS Lfc§S©«SJR 
i2 3A-2 3Btti7 © SS»«-C«atfc 7* 5 

11 2 4 ttm9t&. Hz or? x^mmm. £&*a3&© 

KOf&^RJRf — HI'S * *. 
n 2 5 7 ©nasflj-eJttSi H« or^Xvfil^U 

gaffes. 

is 2 6tsigj2 5 © is *j & l m -e & fc y n y bar CD gff ® 

HI 2 7 tt*f&!BK:iIJBT- § &¥?T¥tgS!© R F fifc ^ £ * ij fl§ 

r -s sb is ^ s * ^ r « »s si -c & « . 

v * f y ffl * fig is m m. * ^ -r m. b& w -e & * . 

S30A-30B tt#»!BCiIJBT?§ S ScJBI#& C *? 3 
iteJ5»*A©93»n^ra*ftiflt-*'.BIT & -So 



WO 92/12535 



PCT/JP9 1/01 739 



6 

h i a - i c att&o3&*ftgs<z>s&2r&0--tir£ft$ 
•r s a-e & s . BiA-icc*t>T, s i fit s i m& z> u 
8 2 J* s i o, mfrb&zmmm. huai^ 

&#S8B*|Jf . 8 4 a fits i O* Jg. 8 4 b fc£S O 8 
4 c S i O 2 jgfk 84ttSi0 8 K84a % SOG184 
b&ff S i 0 2 i8 4 cfr^SIigTO, 8 
I--**-*. 8 hA7-y 8 5 CjMtJAfcRn 

a y * 0 h*-ju^ 8 8 fit A 1 6 « S KIRJB 

ifcc *<z>JBjftj5r£K:o^T«!l|*-*. 

HI 1 AC^Tck -5 Ki. filfCVDffici *>*&8 

mum s 2±izA i zmmL-zA i mzmm u 

fflx.l£R I E tZck *} A 1 &£/>r* y LTge^Jf 8 3? 
Mmvtc^ «AtfCVDfecj;*iS«I 8 3 cfc -5 C 

SiO,l84a?Mt« ( Z®m, Si0 2 |84aS 
iCgiMUS. Si0 2 |84a _hJI X ey| 

*SSc-«k 0 ^wa^fic tt s «k ? tr s o G^i^Lt sog 



WO 92/12535 



PCT/JP91/01739 



7 

18 4 b?MU tf C V D ft C «fc 0 SOGK8 4 bJt 
£ S i O* $18LtS i0 2 184 c %Ml&Ltz'ik. S i 
0 2 184 c _Lfc:]?8Em 8 6 h ri 9 - V 8 5 

% HI B {i^fct -5 :>* * FA'^-y8 5 £ ^ * 

* £ VXmf^WWk 3 4 £x 9 * y^LTESll 8 3 

L/ T s Mifcf^A.^^KiDay^i' F * - ^ 8 7 £ 
:frLTffii|&JI 8 8 £n £ ^ISi^CA 1 £JftSLT 
SEiBUI 8 8$iSt«:iC«fcO, EI 1 c (ZtrT £ 5 «g23£ 

SOGf] (* ^ T«R*«: C H 3 *^=fr«5£S£#£ «^ *>©> 
Zm^tzM&VZj&W-ZW. < SOGl84bC^y 
£ L^/cfcJ^Jgl-ffc 3 0 0 nm&L±-Z ? 5 v t 

TMi. RBPfl;A<Rrti ( 5 0 0 - 6 0 0 nnggO 
SOGRB4 bifCCH, 
El 2 ARC^ 2 B lZ7K~f<k ? H> *CD&© 

#«&*<BHI;#»?L> ^ii;|A<MtS/;«>SOGK8 4 
biz? ? y <?*^HV 8 9 ^ISLfc!), Mft***?**:* 
flu f s £ ^ -9 H JS *< & s . 



WO 92/12535 



PCT/JP91/01739 



8 

tilSOGtt^ffi^li^t}^ H 3 ARC* SB 
tZ^-T^dtC S OGI8 4 b *^&i#X^%4LT3 y 

SOGH8 4 b«iyf/"f y ^ L % 3 :/ ^ >7 h 
8 7 Jgtft^c SOGI84 b^ay 

3 ©Wfg^ S 0 GUZH^ X 
9 * * y * t -3 If§&*<J§ * Siiti:, x ? ? * ft 
©¥fflfl£*<B! 4 B 0 i < e 2 ©$o < MGBftizMLT 

giUTtt. TEOS£0 3 £fflHfcSJEEC V DffiCk *K 

HJp:Ttts o GMoTg^i^c^c^-fttg^g 
^ > ^ -5 B9S*<Jfe 5. ^ ©3r&-e s o G&&<D3£Mm&m$l 

(xy*rfy?£{,*5 xgitJn ) o 

M£f**X£LT. 0. 0 5 ~ 5 %©*I^£ 5 ~ 9 0 %0* 



WO 92/12535 



PCJ7JP91/01739 



9 

S i 0* »4»*tS*fti<SSI$nt^* (0*#BB¥2 
-285636-f-) . *f 7*7 'J a 

^2 7-l-5f^CS i 0 2 ftt5:i$SWit5t®f 

^KD^lMr^xv^iss-frts r (OH) 4 * 

SiH, iO^feS^BN, O) CPH, £*£JjnLT PSG 
1*1 « C B « H» 5»UBSG^#a^ 
ifCAsH, ^SftlLTAsSG^^^I, RttCPHi 
£Bz H 6 ^|SI^F^^»n LT B P S G £ # 5 *<*tl & *IT 

± 9 0 0 *C &L±<Dftm-Z'iT v tz#>, 

(Otc-P c h fin v — x - f'M y ) ©IM^iSlt L* 



WO 92/12535 



PCT/JP91/01739 



10 

S5 A- 5"B fct*§S59©JSaKWBlT?** # ^5 BT*i 

Bf 5 Afc^fE*© S O G&tt. •/*-4 r /t/&® 1 oTfc 
S -ffc^S-^fe & ffl M L tz $> <D ~£ ^ is V a yy jun is r. ( s 
i (OR) 4 «U Ottgf#J^^ s Rtt7***4) i:H 8 O £• 
7*^/1/ * n y ;i/r^7"D fc?i/y^ij3 —ju* J 7* n b*;i/x — 

C ^ICjSS© H N O3 *HC1, H* S0 4 3* 

ftflt^n— > %mm c i r, uv, sor. 
^y^ummm^^L, s o Gmm&mtmmtzmfr^int 

ttBfc*£*l<5^\ *^|?0^-}S-2f (^7 — N 



WO 92/12535 PCT/JP91/0I739 



11 

c^&-e§So zoJEfcTfcU s o G&irJt^T. MJgfflti 

■eft. ;:©?i}gl©^/££&&JI£iil>>ig?-c: tads Kff 

12©^iittv &3D#M=>gM£* 
ci^cto. «i® £ * # M# *t L t & 3 fct * * t 



WO 92/12535 



PCT/JP91/01739 



12 

*<s i x-tt s i - o & a: *k IIS*<t^tfllS * ^ 
* >>;i^^, 7 * h * ^^g, js £* ) 

o * IT ^ ^ ^^F>^-;P'>^D^-h7^n + -9-y N >>' 7 -fe 

Sfll^ 7R^S> NH< (7Vii7) g s N0 3 



WO 92/12535 



# 



PCT/JP91/01739 



13 



Gffif 5 yJLlZ1ii%ti' n *V yl*. 50-5 0 0 0. «k 0 
< tt 1 0 0-1 0 0 O0®BJ*!®#^*£WL. 
ilSi/'Jn yI?0St<5 5 0 m&T. <k«3#£L<tt2 0te 
JaT©££3&Il^f&Siir £fc-T^T3Ui&A,£©S i 

*§S^-ett> V 3 y ( P ) x **n 

V ( B ) . fiftfg (As) m<Z>*¥iV}Z K-7*-$-iK P S G, 
BSC. AsSGs 3b5^ttBPSG^^«|($t5:i^ 
■CIS. P0V-X#XiLTti> P (OCH 3 ) 3 . PO 

(och 3 ) s m v y r & n ± * r & tZ&M C B 0 V - 

Xtf^iLTWU B (OCH 3 ), . B (0C 8 H s ) 3 

As (OCH,), ^SfcfgT /ua * K «Ml$K:gsflD £ •£ & . 
Sfi5©**fttt%^.3rttx TEOSi Mfc©7 + •> K i 
^(JL1-Cili»5fci&, i^CMWCs P, BRCFAS^ K 
-7*t* Z tW?& -5. 

O H&#Ctt§g£Lfc Wfc-&$5*<*? £ b < . ft-^TH* O, 



WO 92/12535 



PCT/JP91/01739 



14 

m^ser* z ic^ *k 

O &m^TtiQ7k&B&&$> -S ^ SKfc & &f -ft: ft** 

iSft* ;i/ifc («fiar % TEosiHj o©^^t$»^«\ t 

F.OSUA/C^LTH: OH^iSS. £ fc „ HMDS 
£H Z 0 ©®-&T&*lfcfc* H M D S 1 * JUlZft LT H 2 0 6 ? 



WO 92/12535 



PCT/JP91/01739 



15 

L < fit 1 /2 «JBl± 2 te&T©8ffl> it>jf$ L < fit 1 «f 
3Nfc£®>#* * £ KB 3 -frT * 0 * 0$ f £ fc «> £ fit s 

ttfls-r* fc£*»*H z o-eJbnar. h 2 o 
? * h 7 ->* * o h v s> * ;k h >f * y . OH^ 

OSiif F5i h + i'i'^yS i ( O E t ) 4 £ 7R ( H 2 O) 
£ 08 £ S8 3* -5 ♦ -r J- 7 x h * f > 7 V £ 7k t © &BE fit 
fcteWEfctTSea-CftifcSttS. 

Si ( 0 E t ) < + 4 H 2 0 Si (OH),+ 4EtOH 

si (oh) ( > s i o 2 + 2 h z o o&TkH&^&jc;) 



WO 92/12535 



PCT/JP9I/0I739 



16 



*ZTZ. *&0JTkU S i (OE t) 4 ©36D*^«|s SCK-e 
L*^*#TT! Si (OBt)iiHr O «k 7 

0 E t OH 

1 2 K 2 O I 

EtO — Si— OEt > EtO — Si— OH 

[ I 
O E t OE t 

SI (OB. ), ?" ? Et 
-> EtO-Si-O-Si-OEt 

I I " 

O E t O E t 

2H, O , S i (OBth ? H ? Et ? Et 

— > EtO-Si-O-Si-O-Si-OH 

I I 

OEt OH OEt 

<Din < * >; flsr ***x IloEt 

( - S i - O - S i - ) 5 >> y ^ 

tfi«^ -£©ftS5£ tt5fc£is©3r&g (teos©^ 

X h*ism (0C 2 H 5 )f) *<*A:»#LTIr^<S:H^5C 



WO 92/12535 



PCT/JP91/01739 



17 

*©teM£#®3feasi©sg£^tto UKlfZltK < til (T 

EOS X <>m ( O C * H 5 )^) C«fc $ * + y f 

t> x y\mwLum.om L^&mte&x < it i o o-cp;tj:«3 

»SM «I3 ( 2 5 *C ) KTti5«. 
z r> LT> * SB 8 c«k ft* > »; a ygHfc 



WO 92/12535 PCT/JP91/01739 



18 

£CJ;->T»»©3FiIfc£T»rf&K:-$-* 4>©T*&33>\ WHS 

# < T £> 9 0 11%, #51 1 0 0 iCJSi-b-CttJ: LH« 

* 3 0 lfi%, c£*J$f£L<l£10 KJWTC 

iiiCs * x/n^ & ®ft$sm (&») £H5*<<£ii£ 
HlI§2©SD<. S i - O E^^lt^ykm^KmiZJ^ 10 3? 
&5JS£ LT n vtS^ (-S i-O-S i -} 5ft 

«fc*> *©8S»EIS©»K*<gfl:*S. *<ittfx WiLtfS i - 
0-C 2 Hs ti^»^©*^, 3<Z>*ra£©#B*<&ft:B 



WO 92/12535 ^ PCT/JP91/0I739 



19 

l(tLT 2 5 0 S~ 3 0 0 tggPilTjgCI. C *l « S i 

- o -i£ ©£*§•£ ©*g&^ (f'yfv yfmy k) 

1*4 5 0 tJKT®te^aa&-CW8S£l&3cL£/>; n 

fr-t-fr 7? « < ^ ^ ^ v y ^ *- y r ^ ft «> i % * ft 5 © 
Ts 6 0 0 -C&_L. $f $ U < « 8 5 0 "cKTOSS"?!!^! 

fFl5©iD<> igir? X-r&M&m — B.B&p}Z'igLt) ig-r 

isi^^its^^Ki^ *i*iB#©¥ a ft© 

LT 2 5 0 tfiiTs /^X^feioi^^t, lOOt 
&±©&Ki§ffl##£ ft-?T, 1 0 0 - 2 5 0 f?7' 

5^?*Iti:iCJ;^ $ * L < l±*©&£ 

2 5 0 - 4 5 0 ttiiltS d ici ^ % >> 1; 3 ygg-ffclR 



WO 92/12535 PCT/JP91/0I739 



20 

* fed 8 0 0 icaT-e + **»***JiRT?S *. ■ 
*3&!l!au TEOSSCll^ymii'Bt*^ 

f$ta:ii:<fc^ * iA±K:tIitff 9 =i y mills 
omJSkZ&i&irz -5 *>©t?&s. c ©Kgeci; SRifce 

£ *) ft*M£ft©#l§J£55«m* ©£££;&<*£ 

*Sn^ IT^S $ ftS *> ©T& s. 



WO 92/12535 PCT/JP91/0I739 



21 

-— Ik £ *fr 3 Cl t, i 3 WiLtf. 1 0 0-2 

yiftftcSitici^-e**. /7Xv®iii, R&#* 
Lfc^fifc •> »; 3 yi?^^©^«^Brtg-??&5 0 &-,t. ¥ 



WO 92/12535 



PCT/JP91/01739 



22 

mm$ HZ t>V t? lite < . y a ygKfcjgoif « 

%> tz mm vim-?* *k rjsm. s^^«:i5i--e$>-s^^tt*: 

0 . ©S£fr©#IS£)£^©S xv\^0i!&;g{iip#t-g-0#^. 
aCck^^ffc^S (i5#I) . Bl7fcU 

* 5 -5 rt: ^x/N^^g^ti-S^+y/N — ft ©£E 

Tabs. Iltftf CJjsr^Xvljg^^i^^^KKi, 
$P£ L l^ffi^fcJ: 5 ~ 1 5Torr. XvigO^^f^ 

i0fi-£-#£J« ^0&m-&&£^x/\£i&5ff$-eT:> 



WO 92/12535 PCT/JP91/01739 



23 

oWO^ffii t^T. C ©#* ©»sB*/\' fir o Z ti>< 

o ii &mik&%}# * ©#•©*§-£•> & -s ^ vx z *i & &&um 

©*&£■*<&&. Z ti b ©jiiRWu KBtz £ K> Mffi^fc 

3 (,> tt * x f! W T ^ fifc £ *i £ S £ * © # ? fi © « Si ft ^ ^ 
^©SgSab^^tt^n-fex©^^^^*^®^^^^^ d 

friz. *$ttynte. v**±tz&&tstLzmmm&mi'V 

KK«k 0 gHfc-f So _hfB L *: £ ? ft£-fr © I§Siv)£;*J & * 
fi£fr©3i^)E tt* ©S^#©S^ftfciSgc «k 

£fi£ft©&3i3ii£#fi&#©:8-^S'e^tt; U ^x 



PCT/JP91/0I739 
24 

*x^-^©«M*j&<JB;ta*-*fc©. JgJft^ftS^riSSg-W 
f 9 3 yiflIft©iR03Fl3|«tt|iiJht*, 
tiittfJ 3 y«flsft£Bff-e©3e»«flgttffiT*-*. 

*f£fj© 1 LT^If^FIKST*^ XtCVD 

< 3* 

: M~ 2 5 0 *C 
JE^3 : 5 ~ 1 5 Torr. #43 1 0 Torr 
^SIBJffi^ : 6-2 5 m, #fr 1 0 im 
#X '$Ell : 10 0— 1 8 0 0 0 cri/min 
StlA : 5 0 0 W^T. #C 1 0 0 — 4 0 0 W 
R F (»«) fflttft : 13. 5 6 MHz 




WO 92/12535 



WO 92/12535 




PCI7JP91/0I739 



25 

i§-t 3 h#Ph1 ( fc <t x # m i 3ttt 

«SlBI31*»tl8| 1/7 0 sec) © 
1 0 0 SttTs L < tt 1 0 fg 
Jg*T©I#lBi 

Sfcflx a. --r * - : D £ {140 - (140/3 10) T} 

3 0 0 

(3**. D iifa~T «f — ( % ) v 

p 

Ttt.mW.US.. PttRFCA'7- (W - 
V "J b) . m L> D © fit li 1 0 0 %JBi_h 

^ -f 2* ©S»J<&£ ^ -3 . 

?L fci: T E 0 S (Si ( 0 C 2 H,)4)C»t/TSlX.(0Ci 
H s ) 3 **l>ttHMDS((CH»)a S i 0 S i (CH 5 ),)K 
MLTX (CH S ) 2 S i OS i X ( C H a) 8 © «fc *5 C% Will 
S (C©^-&X h + ^S (OC: H 5 )i^ f-JU* (CH>» 
£fib©7GfSi (X) T'libfcti->7 y^^V^^^I)It 

d ©S&7c3t (X) iLTtt, H (**) *Sl»ttCI 

*©*§&x ®£e£H* #3 s i ^tcyim 



WO 92/12535 



PCT/JP91/01739 



26 

- h ©^t^ftJ^U Lfr & * + y ■ 

**^cb5$ nsaj^©«a^^-'^^«^. l 
mmizmi&tstLitm#fc i*r»*#*«#*ft*.> + y*- 

y ^Iffl^JBSff * d t*<T?§ 5 £ i C W^$&^©tt* 
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V * - ft T X y -y 9 £ ff 9 cfc O hZ. L T t> £ < s 

O x *y f a' y ^ $ -5 X i 1/ t n CF 4 , CHF, , 

T. fSJ^&IS^ ( 1 MHz&T) ©*T'tt. 10 TorrfI^©i^ 
litt^ (1 3. 5 6 MHz) iMSfKEpjJlJ-f S C £C£ *K 

ft (ffSBs -3- — - ^ ) tcJ; ©S-&#©#^«# 
£ < -^^.fi/N-^^ftftS^^M^S^^ W^i^^^** ' 
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^tt0®-ei&J_b$*S 3 tfr-C % L v 
d OA'M^^ift$*« 3 iC J: 

H It M 

w 8 tt*»!&®isit«*£it:rs£««:*«ic*L;fc *> 

A^Oie^ffitLTtt^ fSl, 2 I8J KI if? JUM ( R F ) 
Jft«JB^ R FJS&lgfc£ 1 3 . 5 6MBzit§, 

TEOSR^H, Oity-^^y^, E««*JW»Lx % 
(Vapor) Cltft y^'-CSAti. * fc. 

_fcS5* v — riiotl 1 ttx c: *i £> ©#x ©-^ + y/N*— ^ 

— »RC? -JB ©EAT ^WLT*? *) % 5 0 t 

~+ 5 0 0 *C *T?gfl:S-frS d 3, 

TEOS 4 seem, H * 0^15 6 0 0 seem 
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(Sftgib 1 : 15 0) t I/, R F JH&&£ 13. 5 6 MHz t 
L n RFa' 7-£ 1 0 0 W T- g^fg 15 3. 

::©*#©. * + y .*-©JE;fr&#-e Hfc ^ y a ygftfeSS 

flg0«il7£#£|g] 9 A - 9 D KjKiTo ^Ei*. 5tti/«;ny 

mm. 6 ( 5 o nmm) . 7 «*• y y a y-r?* - 

8ttCVD-S i 0 2 i (5 Onm^) N 9 tt 

*r) y n yKfliftfilR-e&s. 

HI 9 A 1 OTorrT^Sfc£-£rt:4>0tt> ^g«t« 

fcs^ftfi'J 7Q-ttT?Jb«, ci^KMtTs *-+y>>\' — 
Kjj%£*> «SECt-5 £HI9 B-9 DC^-r^dKl^'ftL. 
SiOl v £?«T?C V DflgiltW©^^® 1 l^ttoSOI 
<btt-5cfc?CS>) (H9B) ^ J5C*EEt*4^5y^ 1 2 
*<£&:f 3 (El 9 C&tf 9 D ) . 

ffi # ^ g © £ £ # a £ {ft # T SI lb ft £ J; *) ^ f » T & 5 . 

c: ©cfc -5 * + y /N'-ojE^-ej&tt^gNfcTr 5SBi lt. 
^ibftSSif ©k@££(£#* fi©*£#*<. 1 o.TorrSBe 

-5, £ fcJEE2j©?5^ ( 1 OTorr) «f8l?ttx E#©tel^ ( 1 

Torr&T) «JB«fc9 fcll&E©W^ffi#**0S£*£«fc9 
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i^-ffc^-So 010 C^b + y»f-JE^7 1 OTo 

SOfi&fr© * x /n <D ^*$t^j{><iiSDr £ 26 eh flt^T S 

* £ * +> f* — BEA* 1 0 Torr. R F$ 1 3 . 5 6 M 
flz N 3 0 0 W, ttSISIIR£- 1 0 in, /*/uxJf & 

}gf£ 7 5 Hz. •3F-'^-^^-*3 0%i^-S. iHL. H^© R 
F/N*T?-&/N'^X#&2gkT^<5fc& 3 0 0 WX 3 0 

LTn F — ^ ^Blg^ 3 7 5 sccbk H* 0©if$3 0 0 
scent- T E O S fc£ft£ 2 0 sccbi^ h 7 5 sccn£ T 

•r 3 . s x mm&m ( x a y jgg ) » 3 7 -c t* & & . 

ClO^x ^MO«16^^^T* ia&jfc 4> CD#^ 1 IT. T 
E O SISiCML'T^Sl^- h*Jifc t>©*<EI 1 2 & S c 
Ml 1*. TEOS/H, OiS»j£l : 2®?-? 
tt. TEOS 3 0 seem. H 2 O 6 0 sccau b — ? frfUM 
5 5 0 scent! fflj&U tz k G>~£ fa & <, 
Ml l^b^lSi:^, j£Mifc (TEOS/H, O) £ * 

#<^^<t. g& cd #m it m h ii-vL s*g frb mm ^tmtL 
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Tt^So HI 2 ^ S> $0 £ J; o £ . « S - htt s 

teos mmomm 1 1 & < « 5 teos 

?K TEOS^fOilJll (TEOS/Hj 0 Jfc © it fln ) 

*0*§3I. * x/nc^^F^ *i-5fi£fr©#^fi*<. *©m 
^JE£** ^^'-JBE^J ( 1 OTorr) * J; *> X /n 
( 3 7 *C ) £ ©fflKl£ ck 9 iSJRSttS £>*u ^x 

- h *</h £ < is. 5 <fc % * & *l -5 . 

**<Bi l K^Lfc &©7?&a« fc t % t Jt-^ 

m i 3 i* # as w 0 ss 2 ©s&afeflicii Lfcrs cvdi 

^^^■TSKB&El-^ 2b S . H 1 3 i*U 1 5 «±SP^g, 1 6tt 
T®m®. 1 7ttft»#Xfs 1 8 tt* X/n % 19 
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""It t-n<fe3, 

T E 0 S mS% 3 0 seen, H 2 0 1 2 0 seem, N z 

fc£g£ 2 0 0 seen. R F JI&gfc£ 13. 56 MHz. R F V 

-3 o owits. {IL. iiCA'y-ii^^xiiit^ 

«fc» 8 0 0 Wx20X?60Wi««. f L-t> JU 
SSt^ 1 0 OBz, ?i-r-f - (ON TIME) * 2 0%. 
'©SsFhJEI L £ 1 0 bo , ^ + ^^'-ftJEA^ 1 0 TorritSo 

3 yMitVaommz 1 *^;®£-fr;fci$©J£#tt. Bl 4 A, 
1 4 B IZzkLtz b<D tK*) (Ell 4 A tt 1 20 'C. Si 4B 
It 1 5 0 *C -£25£ ) . TEOS-O] T^^Lfc^^J^^Jh 
©fSft^ISLtl^, Hi 4AKl^tl 2 0*C"C 

Mkfcfc^tt^*'** b& 1 0 "Cfc f V ^ 

rts«r£3&&&' Bi 4A P i 4 b 2 2 « 

* »; 3 y^jg. 2 3 itmm<tm^ 2 4 »** y u a v*? — 
25ttr5X7CYD-sio,r 2 6 t*=fir«%**r 

13 1 3 c^-r^M© * + v — a> 9- +> y/N -i*f^<Z)^x^A 
□ (_bSJm«il 5©?L) 0ia*8dlRcLv £A:f<S#* 
XlDSgjBOtgg (TEOSREFHj 0i4«ftV-X 
fc«>M*C HO« ) CtSi, »> * 7 — ©StS m L 
DC & i* 3 2 0 ©^S fcfc& 7 0 cn/# tSd, mSPel © 
MiKH l# 1 4 . 3m|j!iS§ 4 ^it\ * + >J 7 ** X T *> 
3 N 2 ©*£g£f&© 4 0 OsccmK^-S £ . £©«£©»&£ 
mi 1 Oa/»iSS, *ffiia©i!liSI*IH*<8j9 m#£fc*K 
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s<JUZ® 1 jH^OBfjSJ^ 1 0 m#T'^S^*s 1 mf£©B$ 53 
tz lf^-t ( & 3 V* It * a. 7* ) t *^BIi: tt «. . 3 ©*ftT 

(S3 ©ItJfeM) 

Ell 3Cit7'7Xvcv Dgl^|i\ ^ + y/^-i*l© 

1 0 Torr£ T E 0 S faM £ 3 0 seem. H* Ofcfcfi 
£12 0 seem. N 2 *fc§£ 4 0 0 sccbk R F JH$£fc£ 1 3 . 
5 6 MHz. 3 0 0 W. ^^^MttKt 5 0 Hz 

(/n*/PXJ1?J!2 0 m # ) „ x a. - x ^ - ^ 1 5% (ON T 
I ME : 3 mg>) % ^ x^&K£ 1 2 0 "C i Lf)i ACt 
V 3 yK-fb«J©SllK*«lir«. ^LT. 4.5 0 
•C. N* *'X#B£U 3 0 *0*^«E«I^'Cfilt 

c: ©&#-?*# ^n/c^ »; n ymittommizw 1 5 a j^^-r 
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z cb $ =7 v ? iic^^t, ±127 --^^S^SU^/c* 
litfftt, HI 5BC^tfflO. 5fln0^^~^^^-ejg?) 
$©MJ? a #0 . 6i«n^7^ Oi4ttI^8^,fc 

0m&-£&mm]&ftitiik£$tir^izi)K ±120. 6wn-e« 

? 5 y LTl^TltJB_t#£ L < tZfr-,it. H 1 5 B 

12 5 3 0 0 n«T*5. =fif IS fifc &m * © fit IS K 

Ml SK^-tT'fXTCVDiiJffi^^ ^ + y /n — f*J £D 
JE#£ 1 0 Torr. ❖ x/NgfE&g 12 Otil. TEOS^ 
fi£ 3 0 sccnu H 2 Offii^l 2 0 seem. N 2 *&fi£ 4 0 0 
seem. R F J! 13. 56 MHz. R F rt V — £ 3 0 0 W s 
rtJUXMIAWt 1 ^ 1 OOflz (1 0m§) s x a. — — $2 0 
%(ON TIME : 2m») ii/v HCOj 8lf4l Osc 

0 2 3 0 SCCni-T 5 £ tiTlr>fc*<x £ X /N_h 

£»fi©s i o 2 ts};fcj&<Jtff life o „ .z ftfr £> o 2 c&k 
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E&RaiRSO. 5 /od^TTT^^^ hit 1 ~ 2 ©IE& 
K (£?L) 

o 2 ©SsJntt, IfgsH^fiSts c £k 
*?^t tts&m#&-5rt^ S O G31t<?>. ©¥*!?£# £ 0 . 5 

T©fi5S§5* -<-x ©s»&*£it^-f s^i^^^tt^ & 

0 2 # X ©&A£#jt N 2 + H 2 
t$ 4 0 0 seem — ^ i l/Tx H 2 ffiMZ: 0 seen ( N 2 $14 
0 Osccm) 5 0 seen (N 2 i5lifi 3 5 Oscca) s 1 0 0 seem 
(Nj 3 0 Osccm) 1 5 Osccm (N 2 81 S 2 5 Osccm) . 

2 0 0 seem (N 2 ffi.M2 0 Osccm) £ gHfc S -fr ( tifc © 7° o 

S^(^$) Ins i!iil»07O'Tyr - x^-x ■ 
/n*^— y (line & space pattern) T? . §28§!|8IPi£ 1 . 0 , 
0 . 7 5 wn , 0. 5«n. 0. 2wi^its H ■ # X ifc £ 

§ fc *> ©x xtt*M K (£?L) 
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tztzL^ H z gUft 1 5 Osccn&tf 2 0 0 seem C & T & . 
$ x/nJ^M© S i Oz &5fc#*gffiL. 

h 2 zmm-rz z <o . 

i£> »**<*V>C ii^ia H 2 O H z ^^JDD'i" 

t>. 3 H z o + H 2 ©^H-Sk:** 

Hz £ilr * 2 0 Vol %£*T\ $ h C & 1 0 Vol %J^T^ 

J? K L H t IrV*. -5 „ 

S*fx :£^D!fc:;£?^T fi. Hi 6 A&tf 1 6 BCStck? 
£Kljt2£ffl^rt: C VD^f Cd:-,Tff <\ 3 ©i§£. 

0JSf S ^ «fc *> fni-h$-fr-s c: 5 e c: *i £ © gi «tu 3 0 

ttf|i'7i'IAn> 3 l&Hz 0, Nz «^©S|AP. 3 
2 IZ^mm, 3 3 tt * »f?Jfel ( 
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(15 OHftCT) 

St X R F ) R F « 13. 5 6 MHz^ffl^ 

5. TEOSRCKH 2 0 £ V - * * ^ t> N £ JnHfe L, N 

(Va P o r) CL/Tf + XA'-c^AtS. £ 

dti6©^x©^ + .0lAn«ifeT*^ •> + v 

fSi^iLTtt, TEOS^I$3 Osccb, H 2 O iftg 
£12 0 seen (fcaglfc 1 : 4) *+'jr**X<!:lTN ! 
£400 sccmlsl^tc^-r , ^Lts I 3. 56 

MHz. R F *V -* 3 0 0 WT^;M^itijg $ t s 
* & # £ «g £ 1 0 m g> . xi — -r 4 — £2 0% (ON T 
I M E : 2 m|£) . SSTHlflS 1 0 mm. SJSSft ©JE;?j£ 1 
0 Torr. ^ x/\alg£ 1 2 0'CitS. 

8 0 seem. 

N* 4 0 0 seen. R F J§J&&£ 13. 5 6 MHz. R F 

3 o o vj-zmmztm-zmmz-it, msisiHi* 1 o mm. 

£lS^I*l©JE;*j£l. 5 Torr. ^XAfig$ 1 2 OTitl. 
SSSC&^agL. ±B©Jftffi*tt?$x/N±Ctb 1 0 Onus 
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fc t z z>\ 2 7 9 * ('>')3 ymitmoWW 3 5 

*®#ti^^tt^*3 ifcfrai (ft i RCct*) no . mm it 

mm 3 6USt*«:«^lfe CM 1 7 A) . 

d<Dj;«5K:. « < mm ox* am? 9 x vmm&fr r> t ^ 

oUfF^Wk^^ir z tiz^io (Hi 7 Bttt6 Bf©tR*)-ig^)s 
( 1 0 0 0 B«JKJb) Z # 5 (H 1 7 B ) . 

(^6©Hife^) 

HI 3C*tCVDggfs TEOS 3 0 seen, H z 

O^tgf 1 2 0 seen. N 2 4 0 0 seem. jBE^J^ 1 0 To 

rr, R vmWLWL* 13.56 MHz. R F 7 — € 3 0 0 W N 

Hi 8A0$n<x 3 ^I®4 l±CBPSGi ( m W- 

6 0 0 nm) 4 2 ^0±C7^§ — ^ AE«^^ - 

y (i^$5 0 Dun) 4 3£MJ&Lfc$K ifC^^X^CV 

DStS < S i 0 2 CRJF 3 0 0 no) 4 4 *JBJR Ufc © 

1 8B-1 8FC*f. HI 8BCS&ft**i: 
« e Uj^Lx SStfift* 1 5 0 1CC±#S*« H 1 8 C 
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"'J^JVttttl 0 0 Hz (-*Jl>XfflJl| 1 Oms) 
T^yi/Xf&fili fa-x-f-(0N Time) $50%, 40 
%, 30%£«<LT#<£ N Bll8D % igi8E % 1 8 F 

r * < 3-3 d ifict o „ £ ?) Km* mm? 

% & Z ti)<&;i£ Htz . 
Ml 9 14. -h§2£M8l©&#Ts Ilft^lHiUM 

0. 5 asiT X -tj? f» Jt 1 - 2 *§g©;*^ - ^OSfeii*^ dI 

1212 ok. «afi&©M©js&#^i£m*^ir. MUftttgM 

>J>mm (TG) i^Stt^Jr ( D T A ) T? s Hi»W:gtg£& 

6 o-c-csias&su 5 o •c-zm®%m, u 

('fl'XHttft 1 0 0 Hz) fgfclT, ^lT*lt> 2 5 OtM 
iS-eM^»»36<IH»*JHT^* ©T. B!#©*rt® #©&/,£ 

H 2 1 C£f5£jftg£ (25'C), /s*;pxr * -+ ■■« 3 
0% (^'^X^ftttl 0 0Hz) "CfcfclR©*?*^*, W 
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&tfx y ^y^S^-To HHnfti6 o -c. not, 
i 5 o 'cnmm%ni'Xmj8.Ltcb® momumm 

ii^EaSiF^M^TN* 2 5 0 tt 4 0 0 t©» 

flEtt*E*S£^ N 2 III? 2 5 OfCllflHU 4 0 0 *C 

jRJ§3£tt 5 0%. Xy^y^K&l 5 0 0 nm/^filJiiv 
ft fit SOGlilfc^T^g^. Mali's N 2 #M^4> 4 5 0 
•C. 3 O»O»iSl*l/fcfttSOGi0«»*tt2 3. 1 
lyf-y^SKttl 2 0 nm/min T* & 5 . 

or5XTci«8c»*tt*fc. HHtt. i2 3 A©*D<. 

T E O S 3 0 seem, H * O 8£S 1 2 0 seem, N 2 tSSLS 4 
OOscca, 13. 5 6MHz, SOOWT'IiUSs 
0 Torr. 6 0 *C -£JjR^Lfc§l£* y h± (1 

50t, N 2 gBft) T2^^-H, H, 0 7*7X7| 
S£ *£)!£<£: H-"©*- * V*-totft -o fcffe. 2 5 0 *C £ 4 0 
0 T T'# 2 ^-FhIO^ET ( 1 Torr, H 2 0#ffil 

00%) ^it^fc. H 8 O/^vMiMSs 1 5 0 -c, 
lTorr, Hz O^EIOOM, 13. 5 6 MHz. lOOWi 
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- r *<* <«.?Tlr> mmmo 5 0 - 7 0 nm$IM 

13 2 4 tt. 150t, 1 0Torr"CTEOS^l3 0scc», 
H 8 Offif 1 2 0 seen. N z jffiS 4 0 0 seem,, t? N 13. 5 
6 MHz. 3 0 0 W-CA^xjSjB X /P* 1* 1 0 

0 Hzf a. — -r 4 — 3 0 % (ON Time 3ns) £ L T 5 &flBJIffi 
±12© H, 0 7*5 1 Sr^S^ d 35 2 

5 Ot&tf 4 OOt LfcJi^K&M* S)g ©,;£#»&# 

ttc)ttti»n*<jBtr>*i-frc: «7*7 H-S J|i&]gtJ?;&^- 

/ntx*i?)St:i (Repeat Process) 
£s£«&;fc. El 2 5 . Repeat Process© — 
Jryx&Tjk?. 1 5 Ot, lOTorr, 13. 5 6MHz, 3 0 

o w. '<ju*m®.$<. i o ohz s o l 

fclCs HU1 5 OtT, 1 Torr, H * 0 #JE 1 0 0 %. 1 
3. 5 6MHz, 1 0 0 W© H 2 O 7* 9 X7ftl?|f, fc 0 Si 
GJflS^ral* 5-30 S> © 1B1 T? £ -JK ^iiScr^ X 
-?&g£l#i&L. £*a«*IBI#3#£*:sj;-5K:i«KLfc. 
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2 5 0 *C £ 4 0 0 'CT'^5^EliD!«E7i-^ (1 
Torr, H 2 0 #BE 1 0 0%) * *t -a . 3 O^ttTlii^fc 
)8t©x y*f- y V u- Y twmm&TBg.iz*?* 

ifcgf©fc«>> &StHS 0 G)&£ 4 5 0 *C, N 2 
3 0 # © T - — ;^feS Lfc4>©©x-^& {jf -£ T 
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| X y 3- V V 
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Repeat | 
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46.7 
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70 


210 


25.3 


r 
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30 


140 


550 


17.9 






I) 1300& ± 


51.4 



Repeat Process T tt-HMSif*! 181 frM < & 

m&iia^Bg^ 5 iis o g tn wouQx. v 

*C © 7 ~ - T 4 . 2%is SSSOG (fil, 4 5 0 -C 
7^ — 3 0 Cit^l / 5KTCS^T^«. 

U2 6 ©2 5 ©ilir^XTiliOR e p e a t 
Process t^fclOlf «*t. J£M&#£-. ± 
f2^©#®ift;SBf FhI 5 fc>TJML*: *>©£|6|£-?&£ 6 - © 
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*HS£#]-?! tt. Hz 0r7X7j|I^ft$ l 5 O'C, 1 To 
rr, H z O #JE 100%, 13. 5 6 MHz, 1 0 0 W t L tz 
i\ 0. 1 Torr~ 1 5 Torr © 1^ © ill # E # & 

ir^XTjai^jnfie p e a t Process*^-? 

&3EE27&1 0 Torr 1 O.TorrT t> © 

£> ft 5 © tt $ & j&> -C & <5 . 

* tz H 2 075 X?^1C^^Tn H z O^ES 1 0 0% 
£ L tz i)<^ N,.**l*ttHe, A r ^ © *g ft # X £ * + V 

SJ3 J; *K 3r«8«#=fr :> 'J □ ^IftlOlKDllCi < N 
* %t:l§i^BWL £ *V5 3 £ # — «Wtr *U R e p e a 

m ( S i ON) tz -T S 3 t & *Jfg > 5 3 £ T- il S . 

3 © «fc -5 « S i O NlCtS I i i:^ s N * # £ £ f- 

fu £ & £ e 
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£13. 5 6 MHz<b Lfc*<. H 2 0r7Xv©5l4f 

13. 5 6 MHz, lOOW0r7X7*ft 
£ ffl . * Hi£ 011 © R e p ea t Pr o c e s sCD^ft 
? % ^ffiif«i^rHl* 1 5#iL»s 13. 56 MHz, 1 0 0 W 
© H 2 O 7 5 X7|li 1 3 . 5 6 MHz N 3 0 0 Wffl H 2 O 
75 X7®I« % #©^fttt-T-<T^|— i UTlktt £/fc. 1 
3. 5 6MHz, 10 0W©H 2 or^XvUISff-jfeR© 

fcftfco :tli3SLTv 13. 56MHz, 3 0 0 W©H 2 O 

•7? x-?mm&ft -?tcmi±*. 2 5 o -C t a o o x <dt 

* * ^4-' — ) -£H 2 O 7*? X'7il^{f? £^ 

* fc. H 2 0 7*5 X7MI#i, 1501, 10 Torr, 
H 2 0#jE 10 0%, 13. 56 MHz, 3 0 0 WC«L, 
$iffi*itSH*Gl* l 0 LT. *lI«Iiio^ttttS-i 
LTRepeat Process^ ff o £ > ±12 ^ © 
1 0 HSK©x v * ^^ISiil! 
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(m 8 vnmm) 

$x/n„ 5 2 tt^XlAPs 5 3tt»StP. 5 4tt7*5Xv 
SI T' £> 3 . * % H2 8t3^-TSD< // ti?' ^ V 7 n - i© 

1 tttfXgASB ( H« O, N 2 1$) N 6 2 («'XIAP ( T 
EOS, N* N 63 tiSHaJ. 6 4 tt * ^H^©. 6 5 

ttr^xvgjg, 6 6 tt V y ^ ^ 7 6 7li-> i 

/•^ g 8asf^nTfe5 0 7*5 xv izm £ k: ^ 

x/n li#^.^T^*<^^$ **X©fc£;h, 

±izmm-r & z t iz#n iz®&i)<$> a. 12 7 t:^-r 

£3 y b D-*t«A»SjS«a§ftT^ S ) *<. * x /vjb 
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7 ^i7 1 (tfcg&a) SS.7 2 i7^-^ 

%fflw Liz?- + ^A*-ficst u — ^^gc^^Lfc i ^ 

7 4 ti^XASf S5 V 7 5 ti* x (*+'Jt) s 7 

Tff-oT&£<. :0l^fflIITOit/Tin 3. 56 
MHz© R F&m&m^. l&m&WZlt: LTtt 1 MHz&T©{£ 

-©m@^PH^^Ep»D-r Sl^is E33 0 AC^f J;5Cv 

mibj-t^ 2o©^@csij*^pi^^EPjn-rs^-^*^s e s 

fe\ 132 9 {302 8 B <Z^-f^M# ? # X<D—ffl%&i-c 

ill cj;^!^ s o g ffi j: cfc *) ^bs $ n & * y * a* ^ * 
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